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I.  IKTRODtKmOK 

of  rcXatilvsly  strAb}^  coriJ“igui*iitiona  of  ionized  sas^  or 

plAmOf  fornAd  andAr  cortAln  cojiditlona  In  a  lAborAwory  vacuiui  ehAab«ry 

MAi  first.  rAport.#d  by  Bosblok^  nho  Adopted  the  nAsie  •plAiAAolda'*  for 

ent.i'tiAi,  Osln^  his  orlglnAl  pIasma  gun  in  a  rAlhAr  poor 

vAcmm  in  th«  absemo  of  an  ortArnAlly  applied  •agnotic  field,  he  vas 

Able  to  obtain  Ken -cell  photographA  (0.5  p  sec,  exposure)  of  the  foriBA- 

tion  of  A  plaaeoid  vhtch  appears  to  be  toroidal  in  shape  and  which  Is 

projected  across  Vm  tacuu*  space  at  speeds  up  to  2  x  10^  c*/»«c. 

Applying  A  eAgnietlc  field  perpendicular  to  the  plane  of  the  electrodes 

reduces  the  trAnslationAl  speed  of  the  plasMa  (across  the  field  lines) 

only  by  s  factor  of  abouh  1/2,  while  the  plAsmcld  elongates  along  the 

direction  of  the  field  into  a  cylindrical  "brooBstick-shaped"  plaasold. 

Furti  er  Inrestlgatlorui^*^  have  shown  a  remrkabl*  tendency  of  these 

plaaBwaids  to  aaintaln  their  integrity  in  a  collision  beween  two  or  aore 

pla»ids,  and  xery  interesting  pultlple-sotxrce  configurations  hare  been 

cbeerrKi*  Many  other  inTestigatlons  have  l^wr.  aade,  including  a  ■easure- 

3 

■ent  of  the  velocity  of  the  plaaaolds  as  a  lunctlon  of  th®  direction  ani 
■agnitude  of  an  applied  aagnetic  field  up  to  abotit  6  kilogauss,  of  the 
source  Toltai;e  up  to  about  15  Vr,  and  other  circumstaiwces.  However,  isjch 

H.  Bostick,  phys.  Rev.,  10^,  2^2  (1956), 

H.  Bostick,  Wiys.  Rev.,  106,  bOli  (1957)* 

0.  harria,  R,  B.  Theus,  and  V,  H.  Bostick,  Phys.  Rev.,  105,  h6  (1957), 

NOU.  t|SC*SC-  fOU^0»t,O^  or  lll.^O.S  i^St.TUtt  or  ItCwKCiOCf 

«w> 
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®f  ih*  bA4Tior  of  pU»oUi  ii  not  cloferly  aalwritood,  and  thara  ra- 
m^inm  t  »r#A  fof  fwrth«r  inTt»ti«utlon  of  th«  prop«rtioi  of  paeh 

plAMM  eonflf«ratioa«* 

Th»  porpoM  of  thi  prootnt  pro^oot  !■  to  ptrfor*  Addltioftal  Axparl- 
atwi  tlMoratical  InvaatijAttoM  to  obtAl  n  bottar  ii^orwAtioii  on  tbo 
Batwro  of  plaflKlda  thoir  chijract*rl»tlci*  In  partieulnr,  It  It  in*' 
UMUd  to  tirnttlfAtt  thtorttlcally  tbt  ttablUty  of  cyUndrical  plaM 
ffftnfi  guyatloiui  undtr  idial  oonditlontj  to  dttomint  txptriMtntaHy  tht 
bthATlor  of  high  tatriy  pl»»Dldt  At  wlout  prttturti,  and  to  Inrttttiata 
what  practlcnl  mat  night  b«  nadt  of  pla»oidt  with  rttptct  to  higb-altitwdt 
tdhitilti#  Tbit  rtport  outllatt  tht  progrtaa  and  planning  of  thit  projtct 
at  of  tht  and  of  firtt  qnarttr  of  tht  coctraet  ptrlod  on  Angntt  31, 

n.  ffiior>tTirA.L  lynsriDATiow 

Ibarly  all  of  tht  tadttlsf  photographi  of  plantoidt  havt  bttn  obtaintd 
in  a  rathtr  poor  rmcv&m  btcaatt  tht  rttiduil  gat  lattractt  irith  Ui#  placid, 
•lowing  it  down  aal  cacilng  nor*  rtcotblnaticn  la  tht  pla«a,  that  Baking 
it  tasiar  *#0  pt:w»te<?raph  tht  platna  by  it#  cam  rtcotfcination  light,  that, 
although  Bottiek^  hat  intarprtttd  tont  of  hit  photograiht  at  idwtrlnf  a 
contidnrablt  banding  and  twitting  of  tht  flux  tub#  which  wat  orlginxlly  a 
oyUnlrlcal  plataoid,  probt  atacurtnantt^  of  tha  profllt  of  tht  platna 
front,  prttffltably  taktn  in  a  btttar  racutin,  tbow  tht  front  to  bt  quit* 
•traight  €r^r  a  Itngth  of  at  Itast  Ik  cn.  Thttt  data  ttnd  to  anpport  tht 
hypothttlf^  that  tha  pla»oids  may  bt  cylindrical  platna  conflgurationa 
which  would  b«  coKpltttly  stabla  in  tht  abttnct  of  lot*  atchaniatt  meh 

ia3. 

c  OMnmication  • 

AtHOUi  •tiSSAtCW  «OU^0ATiOH  ttllwOlS  INSTITUTS  tlC^wOtOCt 

^  2  ^ 
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Jim  miMpy»9%  c».m  on*  Kl^ht  poetulit*  umld  b«  a  »t4itlc  conflfnra- 
ti.oB  1b  which  tb#  Internal  magriaiic  n*ld  of  tba  cjiindar  It  forct-tfrta^ 
l.t.,  til  which  iht  Lortnit  forct  (  1  x  f  )  wanithtt.  {Mvm  l!  rtpi^ttntt 
aagnttic  fitld  wtcbor  and  S  •  ctirlli  it  tht  cwrrtni  dantity* 
liMtf 

ewrl  ^  X  t  •  0  , 

or 

otu*l  ^  •  a  i  »  C^) 

ahar«  a  ■ay  In  gtnaral  ba  msj  tcalar  fmietloii  of  petition,  bwt  had  alwayw 

bMB  choaan  conatant  ■traly  for  tht  tato  of  idapUcity.  IqwaUon  (1)  hat 

b#tw  tclrad  for  tha  cata  of  an  infinitaly  long  ayUndar,  asd  tha  atabllity 

c 

of  aelntiona  hat  baan  axwainad  by  Trahan,"  who  tXso  aoticad  (priwata 
cotamdcation}  that  thara  axiat  no  noo“triwial  tolationt  of  ®»yiation  (1) 
vlth  cofttUnt  «  which  aatitfy  tha  bowndary  cenditiona  corra.aporJlng  to  tha 
cata  of  a  forca— fraa  cylindar  of  finita  langth  aabaddad  in  a  uxixfOTM  ax- 
tarnal  uMinatlc  flald.  Tharafora,  it  wtt  originally  propoaad  to  Inrattl- 
gata  on  this  projact  tha  oolntlona  in  tha  lattar  eaaa  in  >«hich  a  it  not 
conatant,  bat  to^t  function  of  poaltion  which  raniahaa  at  tha  anda  of  tha 
cyllndar  (thoa  joining  •wjothly  with  a  cooatant  axtarnal  flald,  in  which 
Ctrl  if  -  0,  l.a.,  a  -  0). 

1^0^1101,  hy  '^foltjaTi  howwrar ,  hat  rf^own  that  ona  condition  £ot 

f  anargy  in  a  forca-fraa  field  is  that  o  ba  coattani*  In  ti»  light 
of  thif  daral^jaiant  it  taaai  tmllkaly  that  a  atabla  coafigwration  could  ba 

K»  Trahan,  iatropfcyi*  J»,  127,  k3^  C195S)* 
volt  jar,  iatrophyi.  J.,  in  jraaa. 

*t**OU«  t  t  I  t  *  •  c  »*  tOU^OitlO*  O*  •  l  i  I  X  O  •  I  (w**»TUtl  0»  tfCwxOiOC* 
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found  in  which  a  is  not  constant,  uai  Prcfassor  Chsndrssskhsr  suggssW 
that  it  nifht  b*  acrs  fruitful  to  consid<ir  s  aort  costplso;  situation  in 
which  th«r«  sxlwt  intsraetions  of  intarrsil  fluid  notions  with  ths  intsmi^ 
■nfnstic  fields*  For  ths  tins  being,  howersr,  vs  will  retain  (aa  in 
refsrenee  $)  ths  sii^^lification  oi  considering  ths  pl&«a  as  an  incoa- 
prsssibls,  Inriscid  fluid  of  Infinite  «jlectrleal  condustiTity. 

This  problsn  has  been  Inrestigated  by  Chandraseldur '  for  acre  general 
axially  aynnstric  fields,  and  he  has  Mt  forth  soee  general  relations  vhieh 
nnst  be  satisfied  by  any  eolations  to  such  a  problai*  The  equations  of 
notion  for  thie  problsn  sret 

■  curl  (  ^  X  If  )  , 

•  P*ad)  curl  f  x  f  -  grad  (E  ♦  f)  , 

where  ^  is  the  Telocity  field,  p  the  fluid  density,  p  the  preesure,  and 
T  the  graTltatlonal  potential.  Thus,  in  order  for  a  stationary  eolation 
to  exist, 

curl  (  ^  c  t  )  -  0  ,  (2) 

curl  X  h  -  curl  x  "f  -  grad  of  »  0  ,  (3) 

where  we  hare  nade  the  substitutions  ^  R/  Yh  *  p  and  •  (2*  I  |T|^ .  n 
ud  «f*d  tb#  T*ctor  Idtntlty  (  V  •  fcmi)  T  «  curl  V  x  T*  (rid  (j  |t  |^). 

fhe  first  special  case  to  be  considered  waa  that  of  an  infinitely  long 
cyllisJer  in  which  all  proceaees  are  not  only  syneetrlc  about  the  axla  but 

^S.  Chandrasekhar,  istrophys.  J.,  12k,  232  (19^)* 

AtMOU*  iltldtCM  tOU'de*»tO»«  0»  •%lfiIUT*  O*  T  t  C  M  *  O  l  OS  ? 


•  k  • 


DISTRIBUTION  STATEMENT  A:  Approved  for  public  release.  Distribution  is  unlimited. 


*1*0  IndApandant  of  trtitalAtion  along  tha  azisy  ihna  dapandlng  on  a  aincla 

■  8 

eoortiixmt**  Thit  it  tht  problt«  oonaidtr«d  by  Schlnttr  for  tb®  ttatlo 
fore®-frat  cat*.  Intro<luciflf  a  cylindrical  coordinatt  tyrU*  t,  »,  ht 
acflOMd  that  all  fitld  ocmponantt  voold  dapMd  only  xcpon  •,  tht  ptrptn« 
dicnlar  (fdatanct  fro«  tht  axlt  of  t7»ittry,  and  tat  ablt  to  giTt  an  ax- 
prtttion  for  tha  fitld  coigjoiitntt  in  ttmt  of  tht  tntrgy  dtntlty  in  tht 
fitld,  q/8  *  •  l2»’  definition,  q  -  ♦  •  Thtn  ht  fotad  that 

-  0 

hJ  -  -(t/2)  dq/dt 

hJ  •  q  ♦  (t/2)  dq/dt  •  d(t%)/dt^  (U) 

with  etrtaia  rtttrioticiui  fonad  for  tht  pottiblt  forwt  of  q* 

Vow  at  thit  laborttcry  tht  problt*  wat  cotqpllcattd  tlightly  by  addint 
a  ttrictly  rotational  fluid  aotion  (a^in  dtptndlng  only  m|»n  tht  t- 
coordinatt).  HowtTtr,  it  wat  toon  notictd  that  tht  rtttrictlon  to  t- 
dtptndtnot  only  wat  a  rtry  ttrtrt  ont,  and  that  in  fact  Chandraatkhar 
coMiltlont  (Iquationt  through  k2  of  rtftrtiiot  7)  art  tatiafitd 
triTially  by  any  function  of  a  only*  Ihtrtfort,  wt  want  baci  to  tlyi 
aquationa  of  wotion  (2)  and  (3). 

If  h  -  (0,  h^  h^)  accordliif  to  iquatlon  (li),  and  w  -  (0,  0) 

btcautt  of  tht  rattrlction  to  rotational  notion,  than  ^  z  h  • 
and  tinea  both  and  dtpand  only  on  t,  a»d  tinea  tha  and  •  cotponanta 
of  (  ^  X  "f )  Taniah,  Iqaation  (2)  it  tatiaflad  triwially  and  aa  no 

infomation  aboat  tha  fom  of  ▼  or  h  . 

®i*  lichlitar,  X.  Vaturforachg.,  12a,  (15^7) • 

»  mOVt  ifttAtCt*  FOU*<9*HO*-  O*  o»  tic«»<oioe» 
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Looking  now  at  Eqtiation  (3), 


curl  h  ■ 

■ 


d 


Qo, 


d  h 


0  0 

"V  ^ 

;  n  Vl 


9«rl  h  z  h  • 


0 

0 


dh 

1 

IF 


;  n  (•  V 


-  1. 


d 

.  h  -«-=•  •  -r 

f  inr  •  ^ 


n  (•  y 


Siailarlj  cuil  t  z  ▼  -  1 


4  s<*v 


So, 


. Y  dc^  d  ^0  d 

grad  err  «  Hfa  *  ■  \  "HT  "  #  2E  ^  a 


d  «?' 

da 


\  w 


■'d) 


and  f iaallx 


4  t»^ 

“da” 


;  -  'V)  ‘ ^  -  *>') 


ts; 


low  tf  ira  conaidar  tha  i^saclal  caaa  In  which  tli*  forea  tar*i  p*ad  2 

P 

and  p^ad  T  -fanlah,  wt  find  that  pad  txf  •  pad  (j  *  f  ^ 

AtMOut  ttttA*cw  » ou  t*  a*  t  lo  ••  o»  iiti^Oit  n.  %  f  I  f  u  T  t  o»  ttc‘*'«oi®e» 
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Than  Kqaatlon  (5)  radu«*cK 

1  d  \  f 

5  5G  ■  V  f’ 


?•  ’•  «  (T^  -  h*) 


>^5  *  !!  j; 


or 


w2  2  ■  d  ^2. 


(6) 


Sinco  th.  onl7  ra^ininc  condition  on  tha  thraa  functions  iy  h^,  U 
that  h'^  -  hj  ♦  hj  ,  wa  aaa  that  wa  hara  introdurad  'i*.  additional  infinity 
of  solutions  (bacausa  Iquatlon  (2)  yltldad  no  inforaation)  and  ara  unabla 
to  raalii#  our  aidbltion  of  flndinf;  a^asaiona  for  tha  thraa  functions  Un 
tarn,  of  a  Simla  par«.tar,  in  aaalocr  to  Schlltar*.  iccass  In  tha  simpler 
caaa.  It  is  alto  intarastln«  to  ccpara  I^pation  (6)  with  Schlutar’s 
aquation  for  tha  suparpoaition  of  two  aolutlona  ^  and  H  to  hi  a  prob 

laat 

nl  -  a^Cnf^b  ♦  » 


*1*  ^ 


>  0 


iquation  (6)  than  rasaabl.s  tha  miparpositlon  of  tha  i^owpomnt  of 
iquation  (U)  with  tha  wall-known  spaclal  solution^  of  Iquations  (2)  and 

D), 

Tha  solution  of  E<ruation  {$)  could  hara  baan  censld.rad  at  this 
ixjint,  but  it  was  dacidad  in  con«lUtlon  with  Profataor  Oandrasakhar 
that  this  casa  was  of  nc  unusual  Uaportanca,  but  was  aaralj  ona  of  aararal 
apaclal  caaas  which  should  b«  censld.rad  aTantuaily.  Ih.rafor.,  it  wa. 
dacidixi  to  look  for  «ora  sclutiorui  of  Iquations  (2)  and  (}),  without  tha 
(|ttirM»nt  of  a-i»laptnd«nea.  Thia  w^-rk  hat  baan  startad  and  will  ^a  raportad 
aart  tisaa ,  ^  o*  fic-^oioc* 


A  i  at  O  t 
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In  the  ■santimef  we  hare  beon  «xa«d.iiing  a  mvibar  of  other  Geman 
papers  which  appear  to  be  pertinent  to  the  question  of  plasnoids*  None 
of  then  take  into  consideration  the  interaction  of  the  nagnetic  fields  with 
internal  fluid  notions,  though  s<Me  hare  considered  fields  due  to  currents 
on  the  surface  of  the  plaaaa#^*^^*^^ 

These  three  paper are  c'^’  "•med  principally  with  toroidal  con¬ 
figurations  azkd  probably  shoula  be  exanined  in  nore  detail  at  sons  later 
tine  for  applications  to  the  prob3,«i  of  the  toroidal  plasnoidsj  but  we 
shall  continue  to  concern  ourselres  with  cylindrical  configurations  for 
the  tine  being*  Hain,  iJIstf  and  SchlSter^^  hare  wxdtten  an  interesting 
articls  on  the  stability  of  a  plasste,  giving  general  considerations  which 
hold  for  any  IqrdroMLgnetic  equUibritsB,  stiH  assunir^  iiero  viscosity  and 
infinite  electrical  conAictivlty,  and  have  solved  explicitly  the  case  of  a 
plasea  cylinder  with  rero  internal  field, 

n  n  3^3 

Ispecially  Interesting,  however,  Is  the  article  by  Lust  and  Sehluter 
on  "axially  lyweetric  aagnetohydrodynaMic  equiUbriu*  conXigufatlona". 

Their  basic  equation  correspondi  to  the  present  Equation  (3)  without  the 
teree  in  %  sjnd  they  have  used  a  n^thod  similar  to  that  ueed  by 
Chandrasekhar,  The  work  planned  for  the  next  quarter  on  this  project, 
therefore,  correip<jnds  to  a  generalliation  of  their  work. 

Biermena,  I.  RaLu,  K.  jlrgens,  and  R.  Imat,  2.  Naturforechg.,  12a,  826 

C19$7). 

lippeohahn,  2.  Natarforachg ,,  13a,  gf-C  fl/jt), 

J^gena,  2,  Naturforshg 13a,  h?}  (1^58), 

Rain,  1.  list,  and  Sehluter,  2.  Naturforechg.,  12a,  633  (1^5?) . 

last  and  i,  Schllter,  2.  I»t*irf«3rechg,,  12a,  850  (1957), 


.•-oi*  fou-eifiOK  o«  mil  on  o*  »fCM«oioe» 
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IX'  -  AlfD  QOi^RuuTlOn  Cf  £I?£?aKSKTiI  APPARATDS 

T{i«  OT«:r-^ll  phjsical  system  has  been  planned  and  is  eliown  schsaatically 
in  Figure  !•  Sereral  parts  >ere  in  rarious  f^ses  of  design  and  fabrication 
and  are  treated  in  the  following  t 
A.  Magnetic  Field 

— Ifce  nagnetic  field  vd-ll  ba  rariable  with  2,000  to  6,000  gauss 
needed  for  the  initial  range*  A  method  employing  a  current  pulse  through 

V 

a  solenoid  has  been  selected  and  the  necessary  calculations  nader  For  a 
solenoid  of  25  cn  diameter  and  50  cm  leng^li,  the  magnetic  field  at  the 
center  is  giren  approximately  by 

B  » - tS_  2,25  I  10*^  in  tom,  (7) 


vh0M  T  1.8  “the  rudiuSi  ^  N  th0  of  turns^  I  t»h6  curren't^ 

ard  H  pemifability  of  the  mediuM*  Then,  if  ve  vrarii  ^  6,000  gmiiii, 
subartltutln^  the  yalues  in  K<Ju&tlon  {!)$  we  get, 

in  2.66  X  10^  ampere-turns. 

Assuming  a  large  enough  wire  is  used  so  that  the  resistance  is  negligible 
coiiq>ared  with  the  irxiuctlTe  reactance,  the  inductance  of  a  singl#.  layer  coll 
of  round  wire  is  given  approximately  by 

-  F  d  microhenrys,  whare  F  cs  .01  for  2*2* 

Ihen,  for  a  coll  of  diameter  d  *  10  ifsCh#  B  p 

L  •  .1  . 

o 

The  dl echarge  clrcait  for  R  L  can  be  approximated  by  an  iC  strlef  circuit. 
The  solution  for  the  current  is  etslly  obtained  as 

*f-OU»  fOU.»e*7  0«  0»  HI  .lOtt  •Jf'tyll  0»  ffC«»Ot06» 
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I 


^ in* 


lh«  MqplitiMii  i»  giT®ii  by  A  ■  1  ^  aasps,  tiv*  period  by  T  ■  2  tt  yi£,  and 


the  fraqaoncy  by  f 


.  Ve  are  only  concerned  with  using  the  first 


2rt^/j£ 

half  cycle  for  the  field  supply  since  the  operation  will  be  single-shot* 

£  reqatre«ent  for  reproducibility  of  the  leagnetlo  field  9  that  the  period 
of  the  ■agnatic  field  discharge  be  mch  larger  than  the  tine  variation  in 
the  p'iafBBoid  crossing  the  solenoid;  e.g«y  if  the  plaaeioid  is  going  to  see 
an  idsrttical  xagnetic  field  Tct  each  shot  in  a  serias,  the  variation  on 
the  in  product  curve  scst  be  oaall  cospared  to  the  KI  value  at  that  position. 
Por  a  aiousoidally  varying  Ni:  function,  as  in  this  situation,  the  variation 
is  reduced  by  increasing  the  inductance  and  operating  ixar  the  peak  of  the 
curve  where  the  slope  is  wall,  k  calculation  was  sade  for  H  ■  20  turns 
and  a  tijwi  delay  in  the  plaaeoid  syste*  of  0,1  p.  sec  at  a  slope  of  1  aiai 
the  results  indicated  a  variation  of  about  0.1  per  cent  in  the  ■agneulo 
field  value. 

The  capacitors  to  be  used  to  supply  the  energy  for  the  Magnetic  field 
are  ratec  at  175  M-f  li,000  volts.  There  are  8  capacitors  ivailable 

and  1*  will  be  placed  in  parallel  for  the  original  energy  bank.  Since 

9  fc" 

3  2.25  X  10“^  HI  gauaa  and  It  * 


at  full  voltage  could  •  iy 
B  -  2.25  X  1^'^ 


a  X  y/  j 


OO- 


TOO 

«  f  MMMMHmw 


7500  gauss. 


Th>  et>OT»  figure  is  larger  than  reeded,  but  the  capacitors  cannet  stand 

voltage  reversal  at  li,000  volts  so  they  will  have  to  be  opsaratad  at  a 
rfi^jced  voltage  ratlig. 

•!»»»•€“  fOW  S*?»0*«  0»  iie-Oii  0»  tfC**»OtOC» 
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To  handle  the  large  ctjrrente  InTOltred,  a  triggered-gap  switch  has 
been  designed  and  fabricated,^  The  triggering  electronics  is  in  the  fabrica¬ 
tion  stage  and  should  be  conploted  shortly.  Figui^e  2  shows  the  trigger 
circuit  with  the  output  to  the  t  riggering  electrode  •  The  operation  ea^^loye 
a  l5  K7  pulse  to  the  trigger  to  breaJc  down  the  air  gap  between  two 
spherical  electrodes.  2.  Culllngton  and  associates^  dereloped  the  basic 
switch  design  and  report  excellent  characteristics  for  the  low  roltage 
region.  They  report  satisfactory  operation  as  lew  as  1  kr  for  single 
shots  with  a  ti»e  Jitter  of  about  .Ip  sec.  This  represents  a  considerable 
iaproTewent  orer  conTsntional  switches  where  the  tine  Jitter  is  usually 
unacceptable  at  this  roltage.  Tests  will  be  ran  on  the  trigger  as  soon 
as  construction  of  the  electronics  is  coaplsted. 

A  6  IcT  powsr  supply  is  being  constructed  for  charging  the  Magnetic 
field  capacitors.  The  outfit  will  be  unf titered  aivi  controlled  by  a 
rariac  input. 

B«  Plawaoid  Source 

The  plaseK’id  source  will  initially  consist  of  two  deutoriu* 
loaded  titaniuji  wires  in  a  button-type  arrangeeent,  as  sketched  In 
rigtre  3. 


ngure  3.  Button  Plaewa  Source. 

A  m  hod  of  preparinc  the  wire  is  being  eought  by  correfpo.-xisrxe  with  the 
C.  Csllington  et  il.  Alectronlca  (kpril  11,  1958),  p.  86. 


O*  ffC««OiO€^ 
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ttaiferfity  of  California  Radiation  Laboratory.  New  configurations  «ind 
■atarials  will  be  investigated  at  a  later  date. 

As  aentioned  previously,  the  discharge  to  the  source  nust  be  of 
0.5  jisec  or  lass  duration  for  the  first  half  cycle  to  provide  satisfactory 
conditions  for  the  fomation  of  the  plasaoid.  In  addition  to  this,  it  is 
desired  to  transfer  a  aaxiacuB  aaount  of  energy  into  the  source.  Ihe  period 
of  the  disshwrge  is  proportional  to  Vlc^  Therefore,  if  the  capacitance 
is  inctreased  in  order  to  got  hi|^er  energy,  the  discharge  tiae  is  corre¬ 
spondingly  increased.  An  alternate  way  of  increasing  the  capacitance 
energy  (|  CV^)  is  to  increase  the  voltage.  However,  this  is  soon  llaited 
by  practical  voltage  handling  considerations.  Also,  the  back  emf  of  the 
plaaacid  is  considerably  less  than  the  capacitor  voltage  so  that  a  hi^Oy 
underdaaped  condition  exists.  A  high  voltage,  low  capacitance  coabination 
is  needed  for  a  fast  discharge,  yet  low  voltage  and  large  capacitance  is 
desirable  for  ijqpedanoe  matching.  The  capacitance  energy  Increases  as  the 
aqcare  of  the  voltage  while  tha  impedance  is  tnveroely  proportional  to  the 
capacitance.  From  first  order  calculations  it  was  indicated  that  a  high 
voltage,  low  capacitance  source  seems  to  be  desirable.  Further  calculations 
will  be  made  to  leam  the  dependence  of  the  energy  delivered  to  the  source 
on  the  external  circuit  conditions  after  the  TOltage-^nirrent  charaeteri sties 
of  the  button  plaawoid  source  have  been  determined. 

The  time  delay  cljrcuit  f5r  tte  triggered-gap  switch  has  been  deslgntd 
and  la  currently  being  fabricated.  It  is  a  milti vibrator-type  delay 
variable  to  3  milliseconds  md  is  shewn  in  Flfura  2i  The  triggered -gap 
switch  for  the  plaamoid  gun  circuit  Is  expected  to  be  a  variation  of  the 
one  deaigned  for  th#  mapiitlc  field  supply  with  »odificatlo,'is  made  for 

t-oui  «ou**s*tr«  o*  ••itiiufi  o»  ticw^Oioev 
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cparation  to  liO  kr*  Insalatlng  and  corona  problens  will  be  considerable 
in  tbis  region  ojT  operation*  Since  tbe  capacitors  bars  not  been  selected^ 
the  exact  range  is  not  known  and  these  problems  hare  not  been  considered 
in  detail#  At  present,  it  is  expected  that  operation  will  be  between 
10  and  liO  kv  vitli  the  lower  ToJtagii  as  the  starting  point#  A  30  Irr  power 
sapply  is  STailabla  and  will  be  umkI  until  higher  rol&ages  are  required# 

C.  High  Speed  Photographic  Methods 

The  plassnids  that  hare  been  produced  travel  at  velocities  up 

7 

to  2  X  10  centlneters  per  second  and  a#‘e  about  a  centimeter  in  diameter# 
Ihla  sieane  that  if  thej'  are  to  be  photographed  in  flight  at  a  standst;lll, 
an  exposure  time  of  less  than.  0.1  microseconds  aist  be  used#  At  the 
present  time,  there  are  two  poetdble  methods  for  attaining  photogri4}hiG 
exposares  aa  short  as  tlds#  This  is  by  the  use  of  the  lerr  cell  or  by  an 
image  convsrter#  An  elf^cti’onic  method  of  attaining  the  li^t  Intensity 
distribution  across  the  plai»eoid  has  also  f.aen  de scribed #^^  Although  it 
te  highly  wnsltim,  it  does  not  have  the  resolution  of  the  photographic 
methcds# 

Ibe  light  output  from  plasswids  mads  In  the  pact  was  not  reported. 

It  is  knoirn,^^  however,  that  atear  pl»tographf  were  obtained  of  the 
plaemoids  by  means  of  a  Kerr  cell  camera  enqjloytng  Polaroid  hl^  speed 
film  which  has  an  iM  ratlnf  oi*  UOO,  Photographs  were  not  obtained  of  the 
plaesKsld  in  still  flight  because  of  the  lack  of  liiht#  It  waa,  however, 
thought  that  with  a  higher  apeed  photographic  emclaion  such  photographs 
would  be  possible  # 

Pljskelstetn,  Q,  i.  Saryer,  and  T.  P.  Stratton,  Physlca  of  Fluids,  I, 

1S8  (If^). 


I#  Postick,  private  communication. 


*•*•041*  »i»***c**  »ow»a*fio«  o*  »i4'»o«t  iwiJifuTi  ©•  •te**«>Oioe* 
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Imt  coll  caaoras  haro  been  reported  in  the  literature  in  many 

plaoea.  *  *  Efiectire  exposure  tines  of  0.007  nicroeeconds  ^lare  been 

17 

reported.  Ihe  Kerr  cell  is  essentially  a  Tsssel  filled  with  a  liquid 
which  exhibits  uniaxial  birefringence  when  stressed  by  an  electric  fisld, 

TWO  (usually  plane)  electrodes  are  innersed  in  the  solution  to  irtiich  ; 
high  Toltage  is  applied,  lihen  such  a  cell  is  oriented  between  two  polarisers, 
crossed  for  nlnlnon  transnission,  the  arrangenent  constitutes  an  optical 
letter.  With  no  Toltage  appli.ed)  there  is  no  tr&nanission  because  of  the 
crofsed  polarisersj  howerer,  with  an  applied  roltage  the  state  of  the 
polarisation  of  the  light  passing  through  the  !«*..<•  cell  la  altered  and  it 
is  passed  by  the  systes. 

T_8 

The  basic  arrangenent  of  the  elenerts  of  a  Kerr  cell  camera  is 
shown  in  Figure  li«  The  two  polariters  are  arranged  with  their  axas  of 
polarisation  at  90*  with  respect  to  each  other.  The  axis  of  polarisation 
of  the  first  polariser  is  oriented  at  with  respect  to  the  electric 
field  lines  in  the  Kerr  cell.  In  practice  a  high  Toltage  poles  of  short 
(hiration  is  applied  across  the  Kerr  cell  plates  which  applies  a  field  of 
16^000  Tolts/cn  within  the  liquid^  thus  opening  the  idictter  for  a 
giren  chiration  of  tine.  The  effectire  expoeore  tine  of  the  cell,  however, 
ie  leas  than  the  duration  of  the  pulse  beceuee  the  waTefom  of  the  pulse  is 
not  rectangular  and  the  trannaission  of  the  Kerr  cell  is  not  a  linear 

17 

K.  M.  Tareai  and  F.  E,  Harahall,  Rer,  Sci,  Instr.,  ^  (1950). 

K.  K.  Zareei,  F.  1.  Hwahall  and  F.  L.  Fools,  llectrlcal  Ingineering, 

iLpni,  1959),  p.  282. 

19 

If*  Q.  Xicholaon  and  X,  Rois,  "lerT  Cell  Shatter  Has  Sabadcraeecoari  Sjpeed*, 
Hectroaicf,  (Jtim,  1955),  p.  171, 

•  •-  evt  «ou>>e*tio»  o»  •iti.oit  •.ififoti  o»  ttCM.oioa* 
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function  of  th«  ToltAgo  across  the  cell.  The  taransaisslon  of  the  Kerr 
cell  for  a  U5*  orientation  of  tho  polarieers  with  respect  to  the  l-field 
of  the  cell  Bay  be  written 


T 


per  cent. 


where  f  is  the  applied  potential  needed  for  "full  open"  of  the  cell  and  t 
o 

is  the  appHed  TOltage  to  the  cell.  The  "full  open"  potential  in  rolts 
of  the  Kerr  cell  can  be  calculated  fro*  the  expression 

V  -  300  d 

o 

where  d  is  the  distance  Iwitween  the  plates,  X  is  the  length  of  the  electrodes, 

and  K  is  the  lerr  constant,  all  in  c.g.s.  (electrostatic)  units.  For  the 

^7 

case  of  litrbbensene,  K  -  UOO  x  10  . 

the  optical  trani*ission  of  the  Kerr  cell  shutter  systeB  can  be 
stated  as  the  product  of  the  trar.sKlsslons  of  the  tndlTldual  elsBonts  or 

^o  "  ^L1  ’  *  ^K  ’ 


where  ?  •,  is  the  transilssion  of  the  first  colllaating  lens 

T  «  is  the  transBtsjsion  of  the  cawa  lens 

hii 

f  is  the  trJmsB,  Isiiion  ol  the  Kerr  cell  licjuid 

T  is  the  trsjiflKiS^don  of  the  pol^sTisers 

P 

f  is  the  transif  sidon  of  the  glass  windows  of  the  Kerr  call, 
f 

transsdssioR  of  eajh  lens  u.tn  be  considered  as  96  per  cent,  the 
nltrobeaMoe  tjreneai salon  clisract^risUc  is  glsen  In  Figwre  $ 

41  &  fuiscUca  cf  vaTwlsarth.  Tbe  tra’ieedssloo  chsracteri sties  of  Polaroid 
J  polarising  fU*  1»  ^  iraas^isioe  of  the  gUss 


liwOU*  tItl.tCM  iOUHiC**!©*  O* 
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2  2 

vlndairf  is  girmn  as  1  -  (b-«')  for  aaeh  sarface,  vhara  n  is  tha 

rafractlra  Indaz  of  tha  aatarial  throagh  vhioh  tha  li|^t  passas  first  and 
n*  is  tha  rafraotlira  indax  of  t^ia  aaeond  Mitaxdal.  For  glass  of  indax 
of  raf^s?tion  of  l*li  and  alTi  tha  tranaiBlssion  is  ,97 i  and  for  glass  and 
nltrdbanssns  tha  lossas  aa/  ba  naglaotad.  Tha  total  transaission  of  all 
Rtrfaeas  is  ^iproxlaataly  •66. 

tha  total  transKlttad  light  is  giran  as  a  frinotion  of  vaTslangth  in 
Flgura  7. 

Tha  iJMga  eomrartar  is  an  alactronic  tuba  that  has  tha  propartj  of 
ooBvarting  aa  optical  iaaga  filling  on  ona  faca  of  tha  tuba  or  cathoda 
to  a  oorraspondlng  iaaga  on  anothar  faca  of  tha  tuba.  It  has  found 
application  in  silitair  situations  shara  light  in  tha  infrarad  ragion  of 
tha  spaetma  is  to  ba  o<xiTartad  to  a  stsibla  ijaaga.  Its  basic  alaaants 
ara  a  photocathoda  dapositad  on  a  front  facai  an  alactron  Ians  sxstaa  and 
a  phosphor  faca.  Tha  photocathoda  p'odueas  an  alactron  pat tarn  which 
corrcspcnde  in  iniaitsltf  to  tha  iUnsdnatad  araas  on  tha  photocathoda. 

This  photocathoda  is  constmctad  of  photo— il sin  fllsui  anporatad  onto 
tha  front,  faca  of  tha  tnba.  Two  typical  photocathodas  in  uaa  ara  tha 
Ca-O-dg,  •hloh  his  ir^arsd  raspoasai  and  Jfc-Cs,  which  rasponds  to  tha 
risibla  spactruM*  Tha  alactron  ptttam  is  aocalaratad  by  ■aans  of  a 
coabirjition  alactrostatlc-awignatlc  Ians  to  a  phosphor  eoatad  whara 

tha  optical  inagt  is  raproducad. 

Biaga  connrtars  wiy  ba  naad  as  fart  piKitographic  dhnattars  by  pulsing 

tha  accalarating  'roltag*  on  for  a  deration.  Fhotographic  ahittatr 

-4  20 

tpaads  of  3  X  10  saconds  han  baan  raportad.  it  tha  praaant  tlsia, 

20 

1.  1.  Chlispandala,  fha  fhotographic  l^flclsacy  of  Inaga  Ccirrartara,  Battar- 
vorths  Scianilfte  kintssay,  'linel{oti7  (If  5^1  ♦ 

•  noo*  tfltAtC**  fOU**®**!©*  0»  iliioOil  mstilOfl  Qt  r  f  €  «•  o  I.  O  6  V 
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only  on*  conT»rt«r  Is  aanafacttirod  th*t  respor^a  to  Tlsibls  llj^t 

and  la  mitable  for  hl^  spaed  photography,  this  is  tha  HE-lSiOl  nana- 

facturad  by  the  Mullard  Radio  Valta  Coapany,  Ltd,,  in  ftigland.  Tha  tuba 

aaploys  a  Sh-^s  cathode  and  can  b*  ordered  with  either  of  two  phosphor 

screens  *  a  tine  suli'ida  screen  or  a  wiUanite  (Zn^SiOj^)  screen.  The 

viUeaita  screen  has  a  longer  decay  tine  and  thus  is  better  for  high 

speed  photography,  m  theory  the  inaga  converter  Aould  be  capable  of 

intensifying  the  inagf;  on  the  phosphor.  This  is  not  the  case  with  ^ 

KI-1201  beoaose  of  the  rather  large  electron-optical  nagnlfication  of  U, 

20 

It  has  been  shown  by  Chippendale  that  with  standard  techniques  sen- 
•itiritiefc  are  in  the  sane  range  as  Kerr  cells,  lew  derslopnents,  howewer, 
on  a  tube  with  an  electron-optical  nagnification  of  tinity  wonld  greatly 
inpro’To  this,  1  tabs  of  this  natnre  is  new  in  the  dewelopawnt  stag*  at 
Milliard  and  is  not  preeently  arailabla. 

The  ljULg*  cenrerter,  at  preaent,  does  not  ia**8*nt  any  adrantages 
orer  the  Karr  cell  for  hii^i  speed  photography.  It  is,  therefore,  felt 
that  the  larr  cell  should  be  used  because  of  its  less  stringent  require- 
■ents  on  the  pulae  roltaga  var*for«>. 

IT.  LOOBOOl  RIFlRilCg 

The  data  of  this  project  are  recorded  in  ART  Logbook  loi,  0-0026, 
C-d036,  C-S319,  and  C-3326, 

T,  coifTmBifrm}  FiRSoifmL 

theoretical  tirrestigations  are  being  carried  out  by  fal  If,  Pratt. 
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